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GENERAL INTRODUCTION 
Trichinella spiralis (Owen, 1835) Railliet, 1895, a nematode with 
world wide distribution, has been found to infect numerous species of 
carnivorous mammals, both wild and domesticated, as well as man (1). 
The parasite was first observed microscopically in human muscle by 
James Paget (2) in 1835. However, the existence of trichinosis may 
date back to antiquity. According to Hertz (3) and Chandler (4), 
T. spiralis might be the reason why early Israelites were prohibited 
by Mosaic law from eating the flesh of the swine. In the year 1860, 
Friedrich Zenker (5) made the first diagnosis of Trichinella infection 
in a fatal human case and adopted the name trichinosis for the disease. 
Studies since that time have indicated that trichinosis is not only 
hazardous to human health but also economically important to the pork 
industry due to inspection costs and pork boycotts (1,6). 
To control the spread of trichinosis, many countries require 
inspection of swine at slaughter or special processing of ready-to-
eat pork products. They also subsidized basic research in order to 
understand the life cycle of T. spiralis and the epidemiology of the 
disease. These efforts have resulted in a reduced incidence of 
trichinosis. In a recent U.S. survey of the disease in humans, 
Zimmermann et al. (7) found a marked reduction in the rate of infection, 
declining from 16.1% during 1936-1941 to 4.2% during 1966-1970. Reports 
of field outbreaks of trichinosis have become sporadic. 
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The historical, epidemiological, pathological, morphological and 
clinical aspects of trichinosis have been studied extensively (8). 
However, some of the immunological aspects still remain to be investi­
gated. 
T. spiralis elicits intensive host reactions and maintains an 
obligatory life cycle within the host (1). The muscle larvae encap­
sulated in the meat of infected animals are digested free of the muscles 
and capsular walls in the stomach of the host animals. They migrate 
to the small intestine and mature. They then mate and penetrate the 
intestinal mucosa where the females release newborn larvae that migrate 
via the blood, lymph or directly through tissues to skeletal muscles. 
After their penetration of the muscle cells, they develop rapidly inside 
the cells and the infected cell-parasite complex becomes encapsulated 
(9). The relationship between the larvae and the skeletal muscle cells 
may last throughout the life span of the host and may result in a 
continuous demand upon the immune system. Therefore, the homeostatic 
mechanisms that maintain a longterm host-parasite relationship may 
involve humoral and cellular interactions of the immune system. The 
investigation of these mechanisms of the interaction can provide valuable 
information on how the host immune system works during a natural parasitic 
infection. 
Although the humoral responses of the host to T. spiralis infection 
have been well characterized (10,11,12), the mechanisms which regulate 
and alter cellular activity only recently have been considered in a 
definitive way (13,14). 
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Until recently, all trichinae were considered to be a single 
species, Trichinella spiralis. Britov and Boev proposed two new 
species, T. nativa and T. nelsoni in 1972 (15). Unlike T. spiralis, 
which is synanthropic, T. nativa and T. nelsoni are generally found 
in wild carnivores. Man is susceptible to these two species but, so 
far, it is difficult to establish infections with these proposed 
species in animals such as domestic swine and albino rats. T. nativa 
is generally distributed north of latitude 38°N, while T. nelsoni is 
found south of 47°N latitude including many parts of the southern 
hemisphere (16). Sukhdeo and Meerovitch (17,18) compared isolates from 
Canada, Alaska and Kenya and determined they were probably T. spiralis, 
T. nativa and T. nelsoni, respectively. 
Garkavi (1972) proposed a fourth species, T. pseudospiral is, 
which was isolated from a raccoon in the U.S.S.R. (19). It differs 
from other Trichinella in that no capsule formation is induced in the 
host. Beyond that, it is the only species of Trichinella found to be 
infective to avian hosts. 
Great controversy still remains as to the validity of the three 
newly proposed species. Madsen considers all three of them to be 
strains of %. spiralis (20). Bessonov et al. consider T. nativa to be 
a strain but regard T. pseudospiral is as a valid species (21). Some 
other workers consider all three proposed species as valid. Additional 
studies are necessary before a firm conclusion can be made. 
Only a limited number of morphological and biological studies 
have been carried out using T. pseudospiral is (22,23,24). It was found 
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that T. pseudospiral is are smaller in size than T. spiralis at all 
stages of larval development (22). In addition, it has longer 
molting periods in the intestinal lumen, suggesting that a longer 
maturation time is required for its larval development (22). 
Morphologically, the stichocytes of T. pseudospiral is are fewer in 
numbers and lack granulation as compared to those in T. spiralis. The 
stichocytes also acquire a triangular shape while those of the T. 
spiralis are rectangular with a round border (22). Although both 
species share identical numbers of chromosomes, i.e. 6 in female and 5 
in male, no cross breeding has been demonstrated. Many other aspects 
of the biology of T. pseudospiral is infection remain to be studied in 
order to understand the reason for its non-encapsulation and its unique 
infectivity to avian species. 
The first part of this study will be focused on the purification 
and characterization of a secretory protein synthesized by activated 
murine peritoneal macrophages during T. spiralis infection. The second 
part deals with the comparative studies on murine muscle cell changes 
induced by both T. spiralis and T. pseudospiralis. The third part was 
designed to provide possible explanations for the observed difference 
in the muscle cell encapsulation between the two species. 
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PART I. PURIFICATION AND PARTIAL CHARACTERIZATION OF A SECRETORY 




In 1908, Elle Metchnikoff was awarded the Nobel prize for his 
study on macrophage phagocytosis. However, not even Metchnikoff, who 
firmly believed in the importance of phagocytes in the immune defense 
system of the host, could have predicted the n\yriad of critical functions 
that mononuclear phagocytes can perform in the immune system. In the 
past 90 years, the understanding of the role of mononuclear phagocytes 
has progressed steadily. The origin, life cycle, physiology and 
biochemistry of macrophages have been extensively studied. Their role 
in the ihf1ammatory process has been defined and the mechanisms by which 
they ingest and destroy invading microorganisms have been dissected at 
cellular, subcellular and molecular levels (25). While earlier workers 
portrayed macrophages as merely non-specific scavenger cells, it is 
now believed that they apparently also are involved in many other 
physiological processes. They are not only the effector cells in the 
chronic inflammatory responses (26,27), host defense against certain 
microorganisms (28,29), and host defense against the development and spread 
of neoplastic cells (30), but also the regulatory cells in the induction, 
expression and regulation of host immune responses (25,31) and the control 
of lymphoid and haemopoietic cell differentiation and proliferation 
(17,32). 
In many cases, macrophages execute their regulatory functions 
by releasing soluble factors without requiring cell to cell contacts. 
Secretory products, such as lysozymes, growth factors and alpha-2-
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macroglobulin are released by non-stimulated macrophages, whereas other 
agents, such as acid hydrolases, neutral proteases, interferon, complement 
components, platelet-activating factors, pyrogens, and prostaglandins 
require stimulation for their production and/or release (33). The 
mechanisms by which these biologically active products of macrophages 
interact with other cell types are complex. Even under the greatly 
simplified in vitro conditions, macrophage secretory factors with 
opposite effects may be present at the same time. In order to further 
delineate the biological functions of each of the macrophage secretory 
products, the isolation of individual factors in pure form becomes 
essential. Due to the great heterogeneity and the very low concentrations 
commonly secreted by macrophages, very few attempts have been made 
successfully to isolate these factors in pure form so that chemical 
and well-defined bioassays can be performed (25). Many in vivo and 
in vitro methods, using aritifical stimuli, have been used to induce 
macrophage secretions (34). However, the in vivo use of living organisms 
as stimuli to enhance host macrophage secretion has not been as widely 
employed. 
Trichinella spiralis infection is known to elicit a high degree of 
immune response in mice (1). The transient passage of Trichinella 
newborn larvae (NBL) through the host peritoneal cavity to muscle cells 
has been shown to induce cellular accumulation in the peritoneal cavity 
(35). Nly previous studies (36) indicate that the number of peritoneal 
exudate cells (PEC) Increases significantly 9 days after infection, 
peaks at approximately day 15 and decreases back to normal level by day 
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30 (Fig. A.1.1a). The three major cell types comprising PEC at the peak 
level are eosinophils, macrophages and lymphocytes with their relative 
percentages of 25:38:36, respectively. The number of neutrophils and 
basophils present in the PEC populations is negligible throughout the 
entire observation period. 
Polyacrylamide gel electrophoresis (PAGE) of cell-free PEF collected 
from mice infected with T. spiralis for different periods of time revealed 
a new band present only on day 15 after primary infection (Fig. A.1.1b). 
The appearance of this band is transient, and it is no longer detectable 
18 days after the primary infection. The release of this substance 
by PEC cultures in vitro is also very transient, since it lasts only 
four days in serum-free conditions (Fig. A.1.2). The susceptibility 
of this substance to trypsin digestion clearly indicates that the 
band is protein in nature. In order to further characterize this 
transiently appearing protein (TAP) material, purification of this 
protein to homogeneity from PECCS was attempted. Results concerning 
the chemical nature of this protein and the identification of the 
cell type responsible for its synthesis are also presented in this 
study. 
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MATERIALS AND METHODS 
Host animals 
Adult Swiss Webster female mice\ 24-32 grams, were used in 
the experiments. 
Isolation of parasites 
T. spiralis has been maintained in our laboratory in Sprague-
Dawley female rats^. Infected rats were killed 6 weeks or more after 
oral infections, skinned and eviscerated. Infective larvae were obtained 
from the muscles of these rats by mincing the carcasses in a blender, 
followed by peptic digestion (0.5% pepsin^, NF 1:3000, in 0.7% NCl^ 
solution) at 37°C for 14 hours. The released worms were suspended in 
physiological saline and collected by filtration through 20 and 80 mesh 
4 o 
sieves . The larvae remained viable up to one week in PBS at 4 C. Two 
hundred larvae suspended in 0.5 ml of PBS were orally administered to 
g 
each mouse with an intubation needle . 
To obtain newborn larvae (NBL), the intestines of rats infected 
6 days earlier were removed, sectioned longitudinally and immersed in PBS 
at 37°C for 2.5 hours in a Baermann apparatus. Freed adult worms were 
^Bio-Lab, Corp., St. Paul, MN. 
^Inolex Corp., Park Forest South, IL. 
3 Fisher Scientific Corp., Fair Lawn, NJ. 
A 
Arthur H. Thomas Co., Philadelphia, PA. 
^Popper & Sons Inc., New Hyde Park, NY. 
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then collected, washed 5 times in PBS and transferred to 10 mM HEPES^ 
2 ? buffered RPMI 1640 culture medium supplemented with 2 mM glutamine , 
3 3 ? 100 ;jg/ml streptomycin , 100 lU/ml penicillin , 0.5 mg/ml fungisone , 
2 
and 15% fetal bovine serum . After incubation of adult worms for 8 
hours at 37°C, the NBL were first separated by differential sedimentation 
and later by filtration through a 25-p pore size gauze. Populations 
of NBL were approximately 98% viable and were adjusted to appropriate 
numbers prior to each experiment. 
Triton X-100 extraction of NBL 
Approximately 1 x 10® NBL were homogenized in 1 ml of distilled 
water and extracted for 24 hours with an equal amount of 50% Triton X-100^. 
NBL extracts, after dialysis against PBS, were used in immunodiffusion 
tests as antigens. 
Peritoneal lavage and in vitro PEC culture 
Fifteen days after the T. spiralis oral infections, groups of 50 
mice were used to obtain peritoneal exudates and blood plasma. Mice 
under COg anesthesia were bled from orbital plexus into heparinized 
tubes. Blood plasma was collected by centrifugation at 400 g for 6 
minutes. The mice were then killed by cervical dislocation and injected 
intraperitoneally with 3 ml of PBS containing 10 ID/ml heparin^. The 
i 
Sigma Chemical Co., St. Louis, MO. 
^GIBCO, Grand Island, NY. 
^Eli Lilly & Co., Indianapolis, IN. 
n 
peritoneal wash was withdrawn with a needle and syringe. Total cell 
counts in 2 ml of peritoneal exudate were determined in an improved 
Neubauer hemacytometer^ PEC were separated from PEF by centrifugation 
at 150 g for 6 minutes. 
In vitro cultures of PEC were maintained for various periods of 
time with daily changes of medium 199^, containing 25 mM HEPES, 100 
lU/ml of penicillin and 100 ug/ml streptoniycin. The cell-free culture 
supernatant was collected and dialyzed against PBS and subsequently 
3 
against 60% sucrose in PBS before being used in basic-PAGE analysis. 
Cell isolation and Triton X-100 extraction 
Mesenteric lymph node (MLN) cells To isolate MLN cells, 
mesenteric lymph nodes were collected aseptically from normal mice 
and mice infected with T. spiralis 15 days previously, washed briefly in 
10 ml medium 100 and transferred to 5 ml of the same medium. Single 
cells in suspension were obtained by first teasing apart the lymph nodes, 
then passing the cell clumps through a filter apparatus with a stainless 
steel screen (25 um). After having been washed 3 times with culture 
medium, the cells were collected by centrifugation (500 g, 5 min.). 
Cell smears were made for the indirect immunofluorescence test (IIP). 
Approximately 1x10^ cells were homogenized in 1 ml of distilled water 
and extracted with an equal amount of 50% Triton X-100 for 24 hours. 
*1 
Scientific Products, Evanston, IL. 
^GIBCO, Grand Island, NY. 
3 Sigma Chemical Co., St. Louis, MO. 
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The MLN cell extract then was dialyzed against PBS and used in double 
immunodiffusion tests as antigen. 
Spleen cells Spleen cells of normal mice and mice infected 
with T. spiralis 15 days earlier were prepared according to the method 
used for MLN cells. Cell suspensions (4 ml) were then subjected to 
differential centrifugation through 4 ml of Ficoll-Hypaque (64 parts 
of 9% Ficoll^ and 36 parts of 34% Hypaque^ in water, specific gravity: 
1.078) in order to separate white cells from erythrocytes. The pure 
spleen monocytes, which sedimented at the interface between culture 
medium and Ficoll-Hypaque, were washed 3 times before cell smears 
and/or cell extracts were prepared as described for MLN cells. 
Blood monocytes Blood was collected into heparinized tubes 
from the orbital plexus of normal mice and mice infected with T. spiralis 
15 days earlier. One ml of blood was diluted 1:3 with medium 199 and 
overlaid onto 2 ml of Ficoll-Hypaque (specific gravity: 1.078) for 
differential centrifugation. Monocytes collected from the interface 
between culture medium and Ficoll-Hypaque were washed 2 times with 
medium 100 before preparing for the cell smears and extraction in Triton 
X-100 as described above. 
Basic polyacrylamide gel electrophoresis 
Basic PAGE (pH 9.0) was performed on blood plasma, PEF and PECCS. 
The reagents used were as follows: 
^Sigma Chemical Co., St. Louis, MO. 
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Reagent A: TRIS^ 36.3 gm, TEMED^ 0.23 ml, IN HCl 48 ml, distilled 
water to 100 ml. 
Reagent B: TRIS 5.98 gm, TEMED 0.46 ml, IN HCl 48 ml, distilled 
water to 100 ml. 
Reagent C: Aery1 amide^ 28 gm, BIS^ 0.735 gm, distilled water to 
100 ml. 
Reagent D: Acrylamide 10 gm, BIS 2.5 gm, distilled water to 100 ml. 
2 Reagent E: Riboflavin-5'-phosphate 4%. 
Reagent F: Sucrose 40%. 
Seven percent polyacrylamide for separating gels was prepared by 
mixing reagents A, C, 0.14 % ammonium persulfate^ and water in volume 
ratios of 1:2:4:1. The solution was poured into siliconized tubes 
(0.6 cm X 12.5 cm) to a height of 8 cm and each gel was overlaid with 
a few drops of water so that a flat surface resulted after polymer-
lization. Stacking gel was prepared by mixing reagents B, D, E and F 
in volume ratios of 1:2:4:1. The water was removed from the top of 
the polymerized separating gel, and the solution of stacking gel was 
layered over the separating gel to a height of 1.5 cm, again covered 
with a layer of water and exposed to a 15-watt fluorescent light for 
30 minutes to achieve polymerization. TRIS (2.5 mM)-glycine (0.2 M) 
O 
at pH 9.5 was put into a Buchler Polyanalyst electrophoretic cell and 
samples, made denser than the buffer present in the upper chamber of 
the apparatus by the addition of 25% sucrose, were applied underneath 
^Sigma Chemical Co., St. Louis, MO. 
2 Bio-Rad Lab., Richmond, CA. 
3  Buchler Instruments, Fort Lee, NJ. 
the buffer solution in the tubes. Bromophenol blue\ 0.005% was included 
in all samples as tracking dye. Electrophoresis was performed at 4°C 
with the current maintained at 2 mA per tube. Usually 2.5 hours were 
required to complete the run. After electrophoresis, gels were removed 
from the tubes and sliced into 0.5 cm segments using a gel slicer^ and 
stored at 4°C for subsequent isolation procedures. One gel was fixed 
in 7% acetic acid for 1 hour and then stained for 2 hours in 0.1% 
2 Coomassie blue in 1% acetic acid, followed by destaining in 1% acetic 
acid for 2 days. The position of TAP in the gel thus could be identified 
and all the unstained gel segments containing TAP were pooled and used 
in isoelectrofocusing for further purification. 
Polyacrylamide gel isoelectrofocusing 
Broad-range (pH 3.5-10) PAG-IEF was first utilized, followed by 
narrow-range (pH 5-7) PAG-IEF. For the broad-range PAG-IEF, the monomeric 
stock solution was made by adding 29.25 gm of acrylamide and 0.75 gm 
of BIS to distilled water to a final volume of 100 ml. The following 
were added in sequence to 6.25 ml of the monomeric stock solution; 
1.25 gm of glycerol, 10 ml of distilled water and 1.25 ml of Ampholites^ 
(pH 3.5-10). During mixing, 0.5 ml of riboflavin-5'-phosphate (20 mg/ 
100 ml water) and water were added to make a final volume of 25 ml. 
This amount of solution was used to make 10 gels (each 8 cm long). 
After overlaying the gel solution in the tube with water, a 15-watt 
1 ' LKB Instruments Inc., Rockville, MD. 
2  Bio-Rad Lab., Richmond, CA. 
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fluorescent light was used to initiate polymerization. Although 
polymerization took place in about 20 minutes, the gels were left under 
the light for 10 hours before use to ensure complete polymerization. 
Gel slices obtained from basic-PAGE gels, containing TAP, were 
applied to the surface of the broad-range PAG-IEF gels. Then they were 
overlayed with 100 PI of 40% sucrose, 100 PI of 20% sucrose and 100 JJI 
of 10% sucrose to protect the samples from being denatured by the 
electrolytes, 0.06 N HgSO^^, in the lower chamber, and 0.4% ethanolamine\ 
in the upper chamber. The anode was connected to the lower chamber and 
200 volts were applied to the cell for 18-24 hours. After the run, the 
gels were removed from each tube and placed into a one-step fixing-
staining-destaining solution (prepared by mixing 4 ml of 1% Coomassie 
brilliant blue w/v, 400 ml of 5% TCA^ plus 5% sulfosalicylic acid^ 
and 80 ml of methanol^). Staining was optimal after 5 days and then 
the gels were stored in 7% acetic acid. One blank gel was included 
in the staining system as a control for nonspecific staining. Gel discs 
containing TAP in visible crystalline form were cut out from other un­
stained gels and pooled. After several washings of the gel discs with 
distilled water, the TAP was further purified in a narrow-range PAG-IEF. 
The procedure used was essentially the same as the broad range PAG-IEF 
except that 1.25 ml of pH 3.5-10 Ampholites were replaced by 1.25 ml of 
pH 5-7 Ampholites. After the run, gel segments containing TAP crystals 
were again sliced out and collected in a tube. Enough volume of deionized 
distilled water was added to immerse the gel segments and the pH of the 
^Fisher Scientific Corp., Fair Lawn, NJ. 
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eluants was determined after 24 hours of elation. The isoelectric 
point of TAP was determined by taking the average pH value of three 
different preparations each representing a pool of 15 gel segments 
containing the TAP. 
SDS-PAGE and molecular weight determination 
SDS-PAGE (12.5%) was prepared as described by Laemmli (37) and 
modified by Takacs (38). Briefly, 12.5 ml of 30% aery1ami de was mixed 
with 3.1 ml of 1% BIS, 7.5 ml of 1.5 M TRIS-HCl (pH 8.6), 0.1 ml of 
freshly prepared 10% ammonium persulfate, 0.3 ml of 10% SDS, 0.02 ml of 
50% TEMED and 0.5 ml of distilled water. This separating gel solution 
was poured into tubes (0.6 cm x 12.5 cm) to a height of 8 cm; each was 
then overlaid with a few drops of water and the gel was allowed to 
polymerize. The stacking gel was prepared by mixing 1 ml of 30% acrylamide 
with 1 ml of 1% BIS, 2.5 ml of 0.5M TRIS-HCl (pH 6.8), 0.05 ml of 10% 
freshly prepared ammonium persulfate, 0.1 ml of 50% TEMED and 5.35 ml 
of distilled water. The water was removed from the top of the polymerized 
separating gel, and the solution of stacking gel was layered over the 
separating gel to a height of 1.5 cm and was covered with a layer of 
water before achieving polymerization. Samples were dissolved in sample 
buffer (62.5 mM TRIS-HCl, 2% SDS and 5% 2-mercaptoethanol, pH 6.8) and 
heat-denatured. Pharmacia's low molecular weight protein standards were 
used either in co-run gels or in the sample gels. 
Molecular weight of TAP was determined according to the method of 
Shapiro et al. (39). Electrophoresis was conducted at 4 mA/tube gel until 
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the tracking dye (0.001% bromophenol blue) migrated to the bottom of 
the gel. The buffer used for electrophoresis contained 0.025M TRIS-HCl, 
0.2 M glycine, and 1% SDS. For visualization of the protein bands, the 
gels were removed from the tubes after the run, fixed in 12.5% TCA for 
at least 30 minutes, stained with 0.05% Coomassie blue R-250 in 12.5% 
TCA for 2 hours, and destained in 7% acetic acid. 
Sample elution, dialysis and recrystallization 
TAP crystals in the gels of PAG-IEF were eluted with O.IM sodium 
bicarbonate^ buffer (pH 8.5) for at least 8 hours at 4°C. The eluants 
were then dialyzed against several changes of deionized-distilled water 
until recrystallization occurred. The crystals were subsequently collected 
by centrifugation (500 g, 30 min.), washed two times with deionized-
distilied water and stored for analysis of amino acid composition, double 
immunodiffusion, cross-immunoelectrophoresis, and passive hemagglutination 
tests. 
In vitro protein synthesis and gel autoradiography 
PEC from T. spiralis infected mice (15 days PI) were cultured with 
14 2 
or without C-amino acid mixture (50 pCi/culture) in medium 100 for 
24 hours. The PECCS were dialyzed as previously described and subjected 
to both polyacrylamide slab gel electrophoresis and PAG-IEF before 
Mallinckrodt Inc., Pans, KY. 
2  New England Nuclear, Boston, MA. 
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autoradiographic studies were performed. The preparation of the 7% 
separating gel solution, the stacking gel solution and the buffer 
solution were the same as previously described for basic-PAGE. To cast 
the polyacrylamide gel slab, the separating gel solution was poured 
into a glass cassette^ (9x14x0.1 cm) for polymerization. The stacking 
gel solution was poured over the polymerized separating gel and a 
2 
well-forming comb was inserted. Polymerization of the stacking gel 
was completed approximately 10 minutes after placing the glass cassette 
under a 15 watt fluorescent light at room temperature. The comb was 
removed leaving 12 open sample slots in the gel slab. The slots were 
rinsed with distilled water before the samples were applied. The samples 
were first dialyzed in buffer overnight, then concentrated by dialysis 
against 60% sucrose in buffer. A maximum of 30 pi of sample was loaded 
into each slot. 
Electrophoresis was conducted by passing 15 mA across the slab 
to achieve stacking (generally within 102 hours); then the current 
was held constant at 10-12 mA/slab until the tracking dye (bromophenol 
blue) migrated near the bottom of the gel (4-5 hours). The slab was 
removed and fixed in 10% TCA for 30 minutes before staining in Coomassie 
blue R-250 for 2-3 hours. After diffusion-destaining, the slab was 
O 
dried on filter paper (Whatman 3 MM chromatography paper ) under vacuum 
using a slab gel dryer^. 
1 
New England Nuclear, Boston, MA. 
2 Aquebogue Machine & Repair Shop, Aquebogue, NY. 
^Whatman Ltd.,, England. 
^Ames Co., Elkhart, IN. 
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Autoradiography was done by exposing dried slabs to Kodak X-OMAT R 
filing (XR-5, 5x7") for 1 week before development in an automated film 
processor^. 
In one instance, TAP was purified from the PECCS through the 
sequential use of basic-PAGE, broad-range PAG-IEF and narrow-range 
PAG-IEF. The gel discs containing the purified TAP crystals were 
cut out transversely and mounted on filter paper as before. Similar 
autoradiography was done with onfly a 12-hour exposure time to X-ray 
films. 
Ami no acid composition analysi s 
For amino acid composition analysis, 10 pi of 10% redistilled 
2 phenol plus 1 ml of constant boiling HCl (6N) were added to each vial 
containing lyophilized TAP crystal sample (approximately 250 yg). The 
individual vials were evacuated and warmed to evaporate oxygen before 
being sealed. The sample was then incubated at 110°C for 24 to 48 hours. 
At the end of incubation, the sample was dried by rotary evaporation 
at 40°C, then dissolved in 1 ml of 0.2N sodium citrate^ buffer (pH 2.2) 
3 
and injected into a D-400 amino acid analyzer with 10 n mole of 
2 
norleucine as the internal standard. The resin used in the column 
O 
was Durrum DC-6A-sulfonated polystyrene (8% X-linked-10 pm beads). 
^Eastman Kodak Co., Rochester, NY. 
2 Sigma Chemical Co., St. Louis, MO. 
3  Durrum Co., Sunnyvale, CA. 
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The elution of amino acids was automated with a 3-step procedure using 
0.2N sodium citrate buffer (pH 3.25) as the first eluant, 0.2N sodium 
citrate (0.3N Na^, pH 4.0) as the second eluant and 0.2N sodium citrate 
(1.6N Na^, pH 4.8) as the third eluant. The initial column temperature 
was kept at 49°C, but the temperature was changed automatically to 60°C 
after the elution of serine. The amino acids eluted from the column 
were monitored at two different wavelengths (570 um and 440 um) and the 
area under each elution peak was calculated in a Spectrum-Physics computer^ 
equipped with a system I integrator. An average of mole-% of each amino 
acid was obtained from three separate runs. 
Immunization with TAP 
Gel segments containing crystallized TAP after the last narrow-
range PAG-IEF runs were cut out, pooled and washed in deionized water 
for 24 hours. The gel segments were then homogenized with an equal 
2 
volume of Freund's complete adjuvant . Two pre-bled rabbits were 
immunized, each receiving 1 ml of this mixture subcutaneously at 
multiple injection sites on the back. They were subjected to a secondary 
immunization with a similar TAP preparation in Freund's incomplete 
2 
adjuvant one month later. Thirty days after the second immunization, 
a third immunization, similar to the second one, was administered. 
The animals were bled 10 days later by heart puncture. The immune and 
1 
Spectrum-Physics, Santa Clara, CA. 
^GIBCO, Grand Island, NY. 
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pre-immune serums collected from each animal were individually heat-
inactivated at 56°C for 30 minutes and stored as 0.5 ml volumes at 
-70°C for later use. 
Double immunodiffusion test (DID) 
These tests were carried out in agarose gels on Qel Bond filmsl; 
2 3 One gm of agarose plus 1 gm of polyethylene glycol was dissolved in 
100 ml of 0.025 M Tricine buffer^ IV (pH 8.6) and poured onto 84x94 mm 
Gel Bond films. Cutting of wells for samples and application of samples 
(antigen, antiserum) were performed essentially the same as described 
by Ouchterlony (40). Reactions were allowed to proceed for 24 hours at 
room temperature before being photographed. 
Immunoelectrophoresi s 
Immunoelectrophoresis was carried out in order to identify the 
antibody classes of the anti-TAP antibodies. Gel Bond films (84x94 mm) 
were overlaid with 12 ml of 1% agarose in 0.025 M of TRIS-HCl buffer 
(pH 8.2). Sample wells and troughs were cut out using a punch and a 
template. Electrophoresis of anti-TAP serum and pre-immune serum from 
the same rabbits (5 pi in each well) was carried out at 10 V/cm for 
60 minutes at 10°C. After electrophoresis, the middle trough was 
filled with 25 ul of purified TAP solution (10 ug of TAP). The upper 
and lower troughs were filled with 25 ul of either anti-rabbit IgG, 
VmC Corp., Rockland, ME. 
2 Bio-Rad Lab., Richmond, CA. 
3 Eastman Kodak Co., Rochester, NY. 
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anti-rabbit IgM^ or anti-rabbit IgA^ The reactions were allowed to 
proceed for 24 hours before being photographed. 
Cross immunoelectrophoresis (CIE) 
Cross immunoelectrophoresis was carried out on 84x94 mm Gel Bond 
films overlaid with 12 ml of 1% agarose in 0.025 M TRIS-HCl buffer 
(pH 8.6). Electrophresis of TAP (5-10 pg) in the first dimension was 
carried out at 10 V/cm for 90 minutes. Electrophoresis of the TAP 
in the second dimension was carried out at right angles to the first, 
into 1% agarose gel containing 10% anti-TAP antiserum. Conditions for 
the process were 15 V/cm for 24 hours at 10°C. After electrophoresis, 
the gel films were photographed without staining or stained with 1% 
Coomassie blue and dried for storage. 
Passive hemagglutination test 
The passive hemagglutination method of Boyden (41), was 
carried out with modifications as follows: 3 ml of SRBC in A1sever's 
solution were washed 3 times with 10 ml of cold PBS. Two tubes of 
washed SRBC, each with 0.05 ml packed volume, were then resuspended in 
7 ml of PBS. One ml of 0.005% tannic acid^ in PBS was added to each 
tube of SRBC and the suspensions were thoroughly mixed and kept at 
4°C for 15 minutes. The tanned SRBC were then pelleted (500 g, 5 minutes) 
and washed 3 times in PBS. Approximately 100 ug of purified TAP in 1 ml 
^Cappel Lab., Cochranville, PA. 
2 Fisher Scientific Corp., Fair Lawn, NJ. 
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of PBS was added to the first tube of tanned SRBC and incubated for 
30 minutes. Control cells were prepared in the second tube with PBS 
instead of TAP antigen. Both tubes were then centrifuged (500 g, 5 min.), 
washed 3 times and resuspended in 6 ml of PBS containing 1% normal rabbit 
serum. Serial 5-fold dilutions of 0.5 ml of either the pre-immune or 
immune sera of two rabbits were prepared in a microti ter plate. Antigen-
coated SRBC or control SRBC (25 ul) were added to the wells, covered 
and mixed well. Incubation was carried out at room temperature for 
at least 3 hours before the results were read. 
Indirect immunofluorescence test (IIP) 
Cell smears of cell cultures were fixed in acetone for 45 seconds, 
rinsed with PBS, then incubated with either anti-TAP antiserum or 
pre-immune serum (1:20 dilution) for 45 minutes at 37°C in a moist 
chamber. Subsequently, slides were washed individually in 3 changes of 
500 ml PBS for a total of 1 hour. Fluorescein-conjugated, heavy-chain-
specific goat anti-rabbit IgG antibody (1:20 dilution) was applied to 
the cell smears and the slides were incubated, washed as before, and 
mounted in glycerin for examination under a UV microscope. 
Assay for phagocytosis 
PEC isolated from T. spiralis infected mice (15 days PI) were 
cultured for three days, with daily washing, with medium 199 in order 
to deplete non-adherent cells. Five ml. of a zymosan^ (1 mg/ml) 
^Sigma Chemical Co., St. Louis, MO. 
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suspension in medium 199 were added to the cultures. Two hours later, 
the culture flasks were vigorously rinsed and subsequently stained with 
Wright's stain. The cells containing zymosan particles in the cytoplasm 
were counted as phagocytotic cells. 
Cytotoxicity assay 
PEC isolated from %. spiralis infected mice (15 days PI) were 
cultured in vitro with daily washings to deplete the non-adherent cells. 
By 3 days, 99% of the cells in culture were macrophages. Anti-TAP 
serum (1:20) in medium 199 was added to the cultures, which were then 
incubated at 37°C for 2 hours. The cell cultures were washed three 
times with medium 199, to which guinea pig complement^ (1% final con­
centration) was added, and incubated at 37°C for an additional hour. 
The trypan blue^ dye exclusion test was carried out to check the 
viability of cells at the end of the incubation period. The percentage 
of dead cells was determined as an indication of the antibody cytotoxicity. 
Pre-immune serum was used in place of anti-TAP serum in parallel culture 
to serve as a control. 
Enzyme assays 
Assay for plasminogen activator activity The assay method for 
plasminogen activator (PA) was carried out as described by Granelli-
Piperno and Reich (42). Fibrin-agar plates were prepared by using 
the following solutions: a) 1.5 gm of agar, boiled for 20 minutes in 
^Gibco, Grand Island, NY. 
25 
90 ml of 0.1 M TRIS-HCl buffer (pH 7.8) with 0.85% NaCl; b) 400 mg of 
1 -] 
clotable fibrinogen and 75 mg sodium azide dissolved in 60 ml of 
the TRIS-HCl buffer; c) 3 mg of plasminogen^ and 15 units of thrombin^ 
in 1 ml of TRIS-HCl buffer. The agar solution was cooled to 57°C and 
solutions b and c were quickly added. After it was mixed well, 15 ml 
aliquots of the final solution were poured into 100 mm plastic Petri 
dishes. The agar was allowed to form a firm gel and 5 mm diameter 
wells were cut 10 to 20 mm apart. The plates were used immediately. 
Samples (40 ul) were added to the wells and the Petri dishes were 
incubated in a sealed moist chamber at 37°C for 24 hours. The plates were 
then fixed with 5% acetic acid and zones of lysis were observed. 
Assay for elastase activity Radial diffusion in agarose gels 
containing elastin was used to detect elastinolytic activity (43). 
Agarose was hydrated at 10 mg/ml in 50 mM TRIS-HCl buffer, pH 7.5, 
containing 200 mM NaCl. After the mixture was cooled to 65°C, elastin 
(0.8 mg/ml), Na azide (0.05%) and SOS (0.2 mg/ml) were added to the 
agarose, which was thoroughly mixed and poured into plastic Petri dishes. 
The plates were kept in cold for at least 8 hours to allow binding of 
SDS to elastin. Subsequently, 5 mm diameter wells were cut into the 
agarose. Samples were added to the wells and allowed to diffuse into 
the gel at 37°C in a moist chamber for up. to 4 days. Reaction was 
stopped with 5% acetic acid and zones of lysis were observed. 
^Sigma Chemical Co., St. Louis, MO. 
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RESULTS 
The purification and chemical analysis of TAP 
The purification of TAP from PECCS of mice infected with T. 
spiralis (11 days PI) was achieved by using a 3-step isolation 
procedure. The procedure involves the sequential use of a basic-PAGE 
(pH 9.0), a broad-range (pH 3.5-10) PAG-IEF, and a narrow-range 
(pH 5-7) PAG-IEF. The dialyzed PECCS was first run on a basic-PAGE 
(Fig. 1.1). The gel segments containing the TAP band were subse­
quently sliced out from 12-18 gels, pooled and subjected to a broad-
range PAG-IEF. One major band focused at pH 5.7 ±0.1 and at least 
7 other bands located elsewhere in the gel (Fig. 1.1). The gel discs 
containing this major band were again cut out, pooled and further 
purified in a narrow-range PAG-IEF. Only one band, containing numerous 
visible crystals was found in the gel (Fig. 1.1). The isoelectric 
point of this band remained unchanged at 5.7 ± 0.1. Microscopic 
examination revealed many crystals inside the gel disc (Fig. 1.2). 
They differed not only in size, but also in shape (Fig. 1.2). The 
three basically different conformations were cross, scissor-like 
configuration and a composite of the above two into a more complex 
form. Fixation and staining were not required because during the 
last two steps of the purification, TAP crystals are not only visible, 
but remained crystallized in the gel for at least 6 months at 4°C. 
These TAP crystals could be eluted from the gels into soluble form 
Fig. 1.1 Protein staining pattern of the polyacrylamide gels 
employed in a three-step isolation of TAP. 
(a) Basic-PAGE analysis of PECCS in the first step of 
TAP isolation. PECCS was obtained from mice 
infected with T. spiralis for 15 days. The large 
bracket indicates the TAP band, which was later cut 
out and used in the second step of TAP Isolation. 
(b) Broad-range (pH 3.5-10) PAG-IEF analysis in the 
second step of TAP isolation. The small bracket 
indicates the purified TAP crystals inside the 
gel, which was later cut out and used in the third 
step of isolation. The isoelectric point of TAP 
was measured as 5.7. 
(c) Narrow-range (pH 5-7) PAG-IEF analysis in the 
third step of TAP isolation. The large arrow ( ^ ) 
indicates the only protein band (TAP) observed in 
the gel. Crystallization of TAP in the gel was again 
visible in the gel with its isoelectric point 
retained at pH 5.7. 

Fig. 1.2 Microscopic examination of the TAP crystals inside 
the gel of a narrow-range PAG-IEF. 
(a) Darkfield observation of the TAP crystals 
inside the gel. (X 100) 
(b) Higher magnification of a TAP crystal, which 
is in the shape of a cross. (X 200) 
(c) Higher magnification of a TAP crystal, which is 
in the shape of a pair of scissors. (X 200) 
(d) Higher magnification of a TAP crystal, which is 
a composite of the above two into a more complex 
structure. (X 200) 
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and used again in the basic-PAGE analysis. The electrophoretic mobility 
remained the same as the original TAP in PECCS (Fig. 1.3). After 
prolonged dialysis (72 hours) of the soluble form of TAP against 
several changes of deionized water, this material reformed crystals 
within the dialysis tubes. At this time, the crystals acquired a 
different configuration, becoming square sheets (Fig. 1.4). High 
concentration of this material plus prolonged standing seemed to trigger 
some crystals to "grow" gradually into larger four-ridged pyramids 
with flat bottoms (Fig. 1.4). These crystals could be washed in 
deionized water and repeatedly recrystallized using the dialysis method 
and/or the narrow-range PAG-IEF procedure. Amino acid composition 
analysis of this purified crystallizable material revealed that this 
substance is a protein (Fig. 1.5). An analysis of the amino acid 
composition listed in Table 1 indicated that almost 50% of TAP's total 
amino acids contained non-polar groups. It also possessed high contents 
of aspartic and glutamic acids. Molecular weight determination of 
purified TAP using SDS-PAGE (12.5%) in the presence of 2-niercaptoethanol 
indicated that TAP is a single-chain protein with a M.W. of 50,000 
(Fig. 1.6). There was only one detectable protein band (TAP) in 
Coomassie blue stained SDS-PAGE gels, indicating a high degree of 
purity. 
Radi oacti ve ami no acids, incorporation and autoradiography 
When PECCS collected from PEC cultured with or without C^^-
amino acids mixtures were dialyzed and subjected to slab gel 
Fig. 1.3. Basic-PAGE analysis of: 
(a) PECCS collected from mice infected with T. 
spiralis for 15 days. 
(b) Purified TAP. 
The arrow ( -• ) indicates the position of TAP 
in the gels. 
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Fig. 1.4. Re-crystallized TAP after dialysis of the purified 
TAP, obtained from narrow-range PAG-IEF, against 
deionized water. (X 420). 
(a) TAP crystals in square-sheet shapes. Notice the 
size variation of the TAP crystals. 
(b) The growth of TAP crystals into giant four-ridged 
pyramids with flat bottoms. The arrow ( ) 
indicates a nascent crystal with newly formed 
ridges. 
(c) A dark field view of a giant four-ridged TAP 
crystal. 
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Fig. 1.5. Amino acid analysis of the TAP hydrolysate. The analysis, monitored at two different 
wave lengths (570 nm, 440 nm), was done using discontinuous increases of ionic 
strength of Na^ (0.2-1.6 M), pH (3.25-4.8) and temperature (49°C-60°C) in a ion-
exchange column. Asp = aspartic acid, Thr = threonine, Ser = serine. Glu = glutamic 
acid. Pro = proline, Gly = glycine, Ala = alanine, Cys = cystine. Val - valine. 
Met - methionine, lie = isoleucine. Leu - leucine. Try = tyrosine, Phe = phenylalanine. 
Lys = lysine. His = histidine, Arg = arginine. 
36b 
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Table 1.1. Amino acid content of TAP 
Amino Acid Mole % 
Aspartic Acid 11.4 
Threonine 5.4 
Serine 7.7 
















^N.D. = Not determined. 
Fig. 1.6. Molecular weight determination of purified TAP using 
SDS-PAGE (12.5%) analysis. 
(a) Gel contains proteins of known M.W., ie. Phosphorylase 
B (94,000), Bovine serum albumin (67,000), Ovalbumin 
(43,000), Carbonic anhydrase (30,000), Trypsin inhibitor 
(20,000), and alpha-lactoalbumin (14,000). 
(b) Gel contains both purified TAP and the above M.W. 
protein standards. 
(c) Gel contains the purified TAP only. 
The M.W. of TAP was determined from this analysis to 
be 50,000 dalton according to the method of Shapiro (39). 












autoradiographic analysis using similar basic PAGE procedure, the 
position of TAP in the gel was found to possess radioactivity (Fig. 
1.7a). 
Due to the fact that there were at least 7 protein contaminants 
in the same position of TAP, this experiment was further repeated using 
the 3-step isolation procedure to ensure the purity of TAP. The 
purified TAP crystals again were found to have incorporated radioactive 
amino acids into the molecules (Fig. 1.7b). 
Eli citation of TAP antibodies and the determination of specificity 
Immune sera were collected from the immunized rabbits (designated 
as rabbits Red Eye and Black Eye) after three immunizations at monthly 
intervals with purified TAP. Both rabbits produced specific antibodies 
to TAP (Fig. 1.8a). The high degree of purity of TAP used in the immu­
nization and serological assays was substantiated by the use of these 
antisera in CIE tests (Fig. 1.8b), where only one precipitation peak 
was observed between purified TAP and immune serum. The immunoglobulins 
elicited against TAP were identified to be exclusively of IgG class in 
an immunoelectrophoretic assay (Fig. 1.9). Furthermore, the titers of 
these TAP antibodies were found to be as high as 1.5 x 10"^ for both 
rabbits using the passive hemagglutination test (Fig. 1.10). The spec­
ificity of the antisera to TAP is demonstrated in Fig. 1.11, where DID 
analysis was employed. The results showed the presence of specific anti­
bodies in the immune serum which reacted with TAP in the purified prepara­
tion and PECCS and PEF of infected mice to form a single, yet identical, 
Fig, 1.7. Autoradiography of radio-labeled proteins. 
(a) Slab-gel autoradiography of PECCS collected from 
cultured PEC 24 hours after plating. PEC used 
were isolated from mice infected with T. spiralis 
for 15 days. 
(1) PECCS collected from PEC that were cultured in 
the absence of C^^- amino acids mixture. 
(2) PECCS collected from PEC that were cultured in 
the presence of C^^- amino acids mixture. 
(3) The corresponding autoradiogram of (1). 
(4) The corresponding autoradiogram of (2). 
The arrow ( ) indicates the position of TAP in 
the gels. 
(b) Autoradiography of the gel discs containing purified 
TAP crystals. These gel discs were obtained from 
the last narrow-range PAG-IEF in the three-step 
purification procedure. 
(1) TAP crystals purified from PEC cultured in the 
absence of C^^- amino acids mixture. 
(2) The corresponding autoradiogram of (1). 
(3) TAP crystals purified from PEC cultured in the 
14 presence of C - amino acids mixture. 
(4) The corresponding autoradiogram of (3). 
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Fig. 1.8a. DID analysis of the presence of specific antibodies in 
the immune sera against TAP. 
Well (1) Purified TAP (5 ug) in soluble form. 
(2) Antiserum obtained from rabbit Red Eye. 
(3) Pre-immune serum obtained from rabbit Red Eye. 
(4) Antiserum obtained from rabbit Black Eye. 
(5) Pre-immune serum obtained from rabbit Black Eye. 
Fig. 1.8b. CIE analysis of the purified TAP against immune serum 
obtained from rabbit Red Eye. TAP (5 ug) was put into 
the antigen well ( *) and separated in the first-dimension 
(1°—^ ) electrophoresis. Second-dimension (2°—^ ) 
electrophoresis was carried out at right angles into 
agarose containing antiserum (10%) against TAP. 
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Fig. 1.9. Immunoelectrophoretic analysis of immunoglobulin class 
of antibody specific to TAP antigen 
(a) Detection of IgG antibodies. 
Upper and lower troughs - Goat anti-rabbit IgG 
heavy chain. 
Middle trough - Purified TAP in soluble form. 
Upper well - Immune serum against TAP. 
Lower well - Pre-immune serum of the animal whose 
hyperimmune serum was used in the upper well. 
(b) Detection of IgA antibodies. 
Upper and lower troughs - Goat anti-rabbit IgA 
heavy chain. 
Middle trough - Purified TAP in soluble form. 
Upper well - Immune serum against TAP. 
Lower well - Pre-immune serum of the animal whose 
hyperimmune serum was used in the upper well. 
(c) Detection of IgM antibodies. 
Upper and lower troughs - Goat anti-rabbit IgM 
heavy chain. 
Middle trough - Purified TAP in soluble form. 
Upper well - Immune serum against TAP. 
Lower well - Pre-immune serum of the animal whose 
hyperimmune serum was used in the upper well. 
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Fig. 1,10. Indirect hemagglutination tests for the measurement of anti-TAP antibodies in 
the immune sera. Serial 5-fold dilution of immune and pre-immune sera was 
done (1 »-12) in the plate using PBS as diluent. Tannic acid-treated, TAP-coated 
SRBC (TAP-SRBC) were used as antigens. In control groups, uncoated SRBC or PBS 
were used as antigen or anti-serum respectively. 
Red = Rabbit "Red eye". 
Black = Rabbit "Black eye". 
ImS = Immune serum + TAP-SRBC. 
NS = Pre-immune serum + TAP-SRBC. 
ImC = Immune serum + SRBC. 
BC = PBS + TAP-SRBC. 
1 
Dilution Factor 1:5 
2 3 4 5 6 7 8 9 10 11 12 
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ysis of the specificity of the anti-TAP serum. 
Antiserum against TAP 
Pre-immune serum of the animal used in (1). 
Purified TAP in soluble form. 
Pooled PECCS collected from mice infected 
with T. spiralis for 15 days. 
Pooled PEF collected from mice used in (4). 
Pooled urine collected from mice used in (4). 
Pooled blood plasma collected from mice 
used in (4). 
Goat-anti-rabbit-IgG (heavy-chain specific). 
ysis for the presence of TAP in samples. 
Anti-serum against TAP. 
Purified TAP in soluble form. 
Pooled PECCS collected from mice infected 
with T. spiralis for 15 days. 
Pooled PEF collected from mice used in (3). 
Pooled PECCS collected from non-infected mice. 
Pooled PEF collected from mice used in (5). 





precipitation line. No precipitation line was formed with any of the 
components in the plasma or urine of infected mice, nor was there any 
detectable TAP in the PECCS and PEF of normal mice or in the soluble 
extracts (Triton X-100 extraction) of cells isolated from MLN, spleen, 
PEC and blood of both infected (15 days PI) and non-infected mice. 
The only positive result found was in the extracts of PEC isolated 
from the infected group, indicating the presence of TAP containing 
cells only in the peritoneal cavity of infected mice. 
Cell identification 
Indirect immunofluorescence tests were employed to pinpoint 
specifically the cell type responsible for the production of TAP. 
When immune sera were used in the IIP tests on acetone-fixed PEC smears 
of infected mice (15 days PI), 30% of the cells were found to fluoresce 
(Fig. 1.12). They were mononuclear leukocytes with evenly stained 
cytoplasms. In the controls, where pre-immune sera were used, only 
eosinophils exhibited weak auto-fluorescence (Fig. 1.12). In similar 
tests, normal PEC were found to be IIP negative. Also, less than 0.01% 
of the white cells isolated from spleen, MLN and blood of the infected 
groups were shown to be producing TAP. To further prove that those 
TAP synthesizing mononuclear leukocytes in IIP tests were adherent cells, 
activated PEC from mice infected with T. spiralis (15 days PI) were 
cultured and washed in vitro for 3 days to deplete non-adherent cells 
before IIP tests were repeated. All of the adherent cells fluoresced 
when immune sera to TAP were used, and therefore, were shown to possess 
Fig. 1.12. IIP tests for the detection of TAP-positive PEC. 
(a) Anti-TAP immune serum-treated cell smear of PEC 
obtained from mice treated with T. spiralis for 
15 days. 
(b) Pre-immune serum-treated cell smear of PEC as used 
in (a). 
(c) Anti-TAP immune serum-treated adherent PEC (3 days 
in vitro culture with daily washing to deplete 
nonadherent cells) obtained from mice infected with 
T. spiralis for 15 days. 
(d) Pre-immune serum-treated adherent PEC as used 
in (c). 
Large arrows ( ^ ) indicate the TAP-positive cells 
with bright fluorescence. Small arrow ( —) indicate 
eosinophils with weak auto-fluorescence. 
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TAP in their cytoplasms (Fig. 1.12). No IIP positive cells were found 
in the control groups, where pre-immune sera were used (Fig. 1.12). 
Later, when other identical adherent cell cultures were used in assays 
for phagocytosis, all of those cells were also found to phagocytize 
zymosan particles. From these results, it appears that activated 
peritoneal macrophages are responsible for synthesizing and secreting 
TAP. 
Cytotoxi ci ty assays 
No detectable cytolysis was observed in cytotoxicity assays 
where TAP-positive peritoneal macrophage cells were incubated in the 
presence of immune sera plus guinea pig complement 
Enzyme assays 
No detectable elastase and plasminogen activator activities were 
found with the purified TAP preparation while control reactions using 




In this study, it has been demonstrated that a secretory protein 
of murine peritoneal macrophages can be purified in a crystalline form. 
The success of this study relies mainly on the exceptionally good 
cellular response obtained in the peritoneal cavity of mice infected 
with T. spiralis. 
The factors responsible in triggering the cellular accumulation 
in the peritoneal cavity are not known at the present time. However, 
it is reasonable to believe that many factors, both from the parasites 
and the host, are synergistically involved in inducing the macrophages 
to achieve this high state of activation. This high state of macro­
phage activation may not be achieved when artificial stimuli are 
provided (34). 
The isolation of TAP from PECCS was made possible using a 3-step 
isolation scheme. It involves the sequential use of a basic-PAGE, 
a broad-range PAG-IEF and a narrow-range PAG-IEF. The strong tendency 
of TAP to form visible crystals in the PAG-IEF gels and in deionized 
water dialysis makes the isolation relatively easy to perform. The 
high degree of purity of TAP after the isolation is indicated by the 
finding of only one detectable protein band in each of the three 
different gel systems employed in the study, namely, narrow-range 
PAG-IEF (Fig. 1.1), basic-PAGE (Fig. 1.3) and SDS-PAGE (Fig. 1.6). 
This high degree of purity is further substantiated by other serological 
56 
analyses of the TAP, where only one demonstrable peak in CIE test 
(Fig. 1.8b) and one precipitation line in DID test (Fig. 1.11) were 
found between TAP and its antibodies. Since purified TAP retained the 
same electrophoretic mobility as that of the original transient band 
in PECCS (Fig. 1.3), it is concluded that minimum alteration of TAP 
has occurred during the entire isolation procedure. This makes the 
3-step isolation procedure a useful and safe means for purification 
of TAP. 
The crystalline shapes of TAP, plus its known M.W. and amino 
acid composition will help establish future identification of this 
protein. Chemical analysis reveals that TAP is acidic in nature 
(pi 5.7) due to its high contents of glutamic and aspartic acids. This 
also accounts for its negatively charged characteristics in the basic-
PAGE analysis. With 50% of its total amino acids being non-polar, 
this 50,000 dalton molecule also tends to crystallize at its isoelectric 
point and in deionized water. The formation of visible crystals in the 
lEF gels makes it possible to use TAP as a visual reference point for 
pH gradient calibration in lEF analysis. The recrystallizability and 
the stability of TAP in the PAG-IEF gels make the repeated use of a 
single gel disc in many PAG-IEF runs both feasible and economical. 
Even though the secretion of TAP is very transient, it occurs both 
in vivo in the peritoneal cavity and in vitro under conditions of 
cell culture. Autoradiographic studies indicate that TAP is a secretory 
protein which can be synthesized de novo by the PEC. The data obtained 
from the I IF and phagocytic studies indicate that the peritoneal 
57 
macrophages are the sole cell type responsible for the synthesis and 
secretion of TAP in the peritoneal cavity. The absence of TAP in the 
blood circulation and lymphoid organs, while deserving more study, can 
be partially explained by the fact that there are low numbers of TAP-
synthesizing cells present in these places. A study of the uptake of 
TAP by other cells and the in vivo catabolism of this molecule is 
necessary to provide answers as to why there is no transport of TAP 
into the blood circulation from the peritoneal cavity when a high 
concentration of TAP is present in the PEF. It is conceivable that 
TAP, with its high content of non-polar amino acids can easily penetrate 
into the non-polar (lipid) layer of the cell membranes and trigger 
cell membrane phenomena. Further sequencing and X-ray diffraction 
studies are needed for a full understanding of its 3-dimensional 
structure. 
High-titer (1.5 x 10'^) IgG antibodies, specific to TAP were produced 
and were used to indicate that only the activated peritoneal macrophages 
possess TAP in their cytoplasms. Future use of this antiserum in 
studies of macrophage-related biological reactions and diseases will 
be of great importance. At the ultra-structural level, these anti­
bodies can be used to determine the localization and distribution 
of TAP in the cell body. The possible presence of TAP in other types 
of reticuloendothelial cells (i.e. Kupffer's cells, alveolar macrophages 
etc.) can also be determined. If TAP is a highly conserved protein 
milecule, this antiserum even can be used for studying of macrophages 
of other species. 
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Preliminary results obtained from assays of cytotoxicity indicate 
that TAP may not be a membrane-bound molecule, since no detectable 
cytolysis was observed when TAP-positive peritoneal macrophages were 
incubated with anti-TAP serum plus guinea pig complement. The uniform 
distribution of TAP in the cytoplasms of peritoneal macrophages, as 
shown by the IIP tests (Fig. 1.11) tends to support this contention. 
The enzyme assays ruled out TAP as an elastase and a plasminogen 
activator. The absence of TAP in the blood plasma also points out 
that it may not be a plasma protein. Reasoning that TAP may not be a 
constitutive enzyme or structural protein is based on the fact that 
no detectable TAP has been found in normal resident PEC, MLN, WBC, and 
spleen cells and because its transient appearance in the infected mice 
during T. spiralis infection is limited only to peritoneal macrophages, 
not to lymphocytes and polymorphonucleated leukocytes. The protein (TAP) 
may, however, have cell regulatory functions. The following additional 
data which supports this contention is provided in the appendix: 
1) the in vivo appearance of TAP was always associated with a rapid 
decline of the total cell numbers in the peritoneal cavity of infected 
mice (Fig. A.1.1); 2) the in vitro blastogenic responses of lympho­
cytes to concanavalin A were significantly reduced if the lymphocytes 
were placed in unfractionated PEF containing TAP (Fig. A.1.3). 
The availability of TAP in purified form can provide well-defined 
bioassays to further delineate its effects on lymphocytes, fibroblasts 
and possible cancer cells. Future studies of the haemopoietic, 
lymphopoeitic, chemotactic, anti-viral and pyrogenic effects of TAP, 
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and its possible effectiveness in replacing macrophages as accessory 
cells in antibody synthesis and delayed-type hypersensitivity, are 
essential to our eventual understanding of the biological functions 
of macrophages. 
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Part II. LIGHT AND ELECTRON MICROSCOPIC OBSERVATIONS OF MURINE 




In 1972, Garkavi (19) isolated a parasite from skeletal muscles 
of a raccoon (Procyon lotor) in the U.S.S.R. and proposed the name 
Trichinella pseudospiral is for it. This parasite characteristically 
differs from %. spiralis (Owen, 1835) Railliet, 1895, in that it does 
not become encapsulated during the muscle phase of infection (44). 
Despite considerable morphological information describing the 
pathological changes in muscle tissue induced by T. spiralis (45-59), 
it still remains unclear as to what is the source of the capsule. 
Moreover, only one report (54) has been published describing 
the pathological changes in muscle tissue of mice infected with 
pseudospiral is. Therefore, studies are required to further define 
the pathological changes induced by T. pseudospiral is in the muscle 
and the reason for non-encapsulation. 
There are two methods to infect an animal with Trichinella. One 
is non-synchronous infection and the other synchronous infection. 
Non-synchronous infections are induced by orally infecting mice with 
Trichinella larvae obtained from muscles. This will result in a non-
synchronous growth of the larvae in the muscles of infected hosts 
because gravid female worms continuously deposit NBL in the intestines 
of the hosts for 14 or more days. The differences in arrival times of 
NBL to the muscle cells make an accurate comparative evaluation of the 
subsequent changes in the infected hosts during early development of 
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larvae in muscles impossible. This can be avoided by injecting NBL of 
the parasites directly into the muscles of the hosts so that the 
subsequent growth of these NBL will be in a synchronous manner. 
Despommier (57) described the fine structure of tissue changes in 
muscles of mice given synchronous infections of T. spiralis. Synchronous 
infections were not utilized in studies involving muscle tissue changes 
after infection with %. pseudospiral is. 
The present study was undertaken to extend the knowledge on the 
structural changes in muscle tissue of mice infected with T. spiralis 
and to compare the changes with those produced by T. pseudospiralis. 
Both synchronous and asynchronous infections were evaluated in this 
study. 
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MATERIALS AND METHODS 
Host animals 
Adult C57BL/6 inbred female mice, 26 to 30 grams, were used in 
the experiments. 
Parasites 
T. spiralis has been maintained in the laboratory in Sprague-
Dawley female rats, while T. pseudospiral is has been maintained in mice. 
Both mature muscle-larvae and newborn larvae (NBL) of both species 
were isolated by the procedures described in the Materials and Methods 
in Part I. Isolated muscle-larvae and NBL were used immediately to 
ensure approximately 100% viability. 
Light microscopy 
Two groups of 10 mice were infected by injection of 10,000 NBL 
of either species into the thigh muscles. Two mice were sacrificed 
on days 1, 7, 14, 30 and 365 after infection. The infected thigh muscles 
were removed, fixed in 10% phosphate-buffered formalin, embedded in 
paraffin, sectioned at 7 microns and stained with Gomori Trichron (60). 
Electron microscopy 
Two mice in each group were orally given 200 muscle-larvae, either 
T. spiralis or T. pseudospiralis, for asynchronous infections. Thirty 
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days after infection, the mice were killed and diaphragms were removed 
and fixed immediately in phosphate-buffered glutaraldehyde (5%, 0.1 M, 
pH 7.4) for two hours. Then, they were nost-fixed in 1% OsO^ for 
1 hour, stained en bloc with 1% uranyl acetate for 1 hours, dehydrated 
and embedded in epon-araldite. Following identification of the parasite 
in semi-thin sections, thin sections were cut and stained with lead 
citrate and examined at 50 KV in a Hitachi 12A electron microscope. 
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RESULTS 
Light microscopic observations of muscle tissue after synchronous 
infections 
The invasion of striated muscle cells by either parasite initiated 
structural changes (Fig. 2.1a-j). Within 24 hours after injection of 
NBL into the thigh muscles of mice, individual skeletal muscle cells 
were being penetrated (Fig. 2.1a,f). The cytoplasm of the infected 
cells became basophilic, and striations were no longer visible at the 
end of the first week after infection with T. spiralis (Fig. 2.1b). 
Many enlarged muscle cell nuclei with distinct nucleoli were seen inside 
the cytoplasm of infected cells (Fig. 2.1b). The growth rate of 
T. spiralis larvae in the muscle cells was rapid (Fig. 2.1a-e). In 
contrast, the growth rate of T. pseudospiral is was slower and the 
basophilic staining of the cytoplasm was less intense (Fig. 2.1f-j). 
The muscle striations of T. pseudospiralis-infected cells did not 
become obliterated until 2 weeks after infection. The muscle cells 
contained numerous large nuclei scattered throughout the cytoplasm 
(Fig. 2.1h). 
Two weeks after infection with T. spiralis, the muscle cells 
containing parasites became less elongated and were surrounded by a thin 
layer of capsular material (Fig. 2.1c). In contrast, muscle cells 
containing larvae of T. pseudospiral is remained elongated and no capsule 
Fig. 2.1 Comparative histology of muscle cells of mice given 
synchronous infections with NBL of either T. spiralis 
or T. pseudospiralis. 
(a) 24 hours after T. spiralis infection. 
(b) 7 days after 
(c) 14 days after — 
(d) 21 days after — 
(e) 30 days after — 
(f) 24 hours after IT. pseudospiralis infection. 
(g) 7 days after 
(h) 14 days after 
(i) 21 days after 
(j) 30 days after 
The tissue sections were stained with Masson's Tri chrome. 
The final magnification of each picture is 250 X. Note the 
increasing size of the parasites (large arrow ), 
progressive loss of striations in the infected muscle cell, 
and centrally located muscle cell nuclei. The capsular 
layers surrounding T. spiralis infected cells are indicated 
by small arrows ( ). Note the absence of encapsulation 
in T. pseudospiralis infected cells and the slower growth 
of the parasite (large arrow -•) by comparison with the 
corresponding stages of T. spiralis. 
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was visible (Fig. 2.1h). 
Three weeks post-infection, the larvae of T. spiralis were found 
coiled (Fig. 2.Id). They and their surrounding capsules continued 
to enlarge in size for 30 days after infection (Fig. 2.le). There­
after, the T. spiralis larvae remained coiled in the cell without 
significant increase in size for up to 1 year. The capsule surrounding 
the infected muscle cell increased in thickness and many adipose tissue 
cells were seen surrounding the capsule (Fig. 2.2a). The %. pseudo-
spiral is larvae did not become coiled or encapsulated over a period of 
one year after infection (Fig. 2.2b). The worms remained smaller than 
those of T. spiralis and no adipose tissue cells were seen around the 
infected cells (Fig. 2.1f-g, 2.2b). 
Electron microscopic observations of muscle tissue after asynchronous 
infections 
The infected tissues at thirty days PI were chosen for examination 
since muscle larvae cease to enlarge 4 weeks after the infection (61). 
With asynchronous infection, all of the early phases of larval develop­
ment can be found in specimens obtained from a sinqle host at this time. 
The T. spiralis larvae were seen inside the infected muscle cells 
and were sometimes separated from the cytoplasm by an artifactual space 
(Fig. 2.3). The cytoplasm of the infected muscle cell was devoid 
of myofilaments. Abundant ribosomes and polysomes together with rough 
endoplasmic reticulum (RER) were present in the immediate vicinity 
(region A in Fig. 2.3). A few large vesicles could be seen filled with 
Fig. 2.2 Comparative histology of the muscle cells of mice one 
year after being given synchronous infections with 
NBL of T. spiralis and T. pseudospiral is. 
(a) Muscle tissue from T. spiralis infected mice. 
Note the thick capsule (large arrow) and the adipose 
cells (small arrow) surrounding the capsule. 
(b) Muscle tissue from T. pseudospiral is infected mice. 
Note the non-encapsulated infected muscle fiber, which 
remained approximately the same size as its 
neighboring normal muscle cell fibers. Magnification 
for both pictures is X 600. 
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slightly granular electron-dense materials and mitochondria, which 
became more numerous as the distance away from the larva increased 
(Fig. 2.4). Light euchromatic nuclei of muscle cells were seen in 
the mid-area of cytoplasm (region B in Fig. 2.3) along with many cisternae 
of RER containing electron-dense materials (Fig. 2.4b). A few ribosomes 
and polysomes also were present in this region together with an extensive 
Golgi complex, mitochondria and occasional dense core vesicles (Fig. 
2.4b). It may also contain areas of profiles of smooth endoplasmic 
reticulum (SER). In the outer region of the cell (region C in Fig. 2.3), 
farthest from the parasite, the cell had numerous branching and inter-
digitating processes containing pleomorphic vesicles with contents of 
varying electron density (Fig. 2.4c). These processes extended into an 
extracellular capsular matrix which was composed predominantly of 
electron-dense material, similar to the material within the pleomorphic 
vesicles, and collagen fibrils (Fig. 2.4c). Membrane-bounded vesicles 
were consistently found within the ground substance (Fig. 2.4c). Out­
side the infected cell and adjacent to the surrounding non-infected 
muscle cells, a layer of densely packed parallel collagen fibrils was 
present (Fig. 2.4d). Fibroblasts were also present in the outermost 
portion of the capsule of the parasite-cell complex within the collagen 
fibril matrix (Fig. 2.4d). 
Corresponding regions of muscle cells infected with T. pseudo-
spiral is had different structures. Adjacent to the parasitic cuticle 
there was a layer containing varying numbers of spherical or elongated 
vesicles (Figs. 2.5, 2.6a). Toward the periphery, the cytoplasm was 
Fig. 2.3 X* spiralis larva in the muscle cell 30 days after 
oral infection. 
L: larva 
CD; cuticle of the larva 
CM; cytoplasm of the infected muscle cell 
CA: capsule 
The areas in the rectangle indicate corresponding areas 
shown enlarged in Fig. 2.4. 
Thin sectioning and electron microscopic examination done 
by Dr. H. D. Dellmann and P. Kjaersqaard. 

Fig. 2.4 Portions of a T. spiralis infected muscle cell corresponding 
to the areas designated by the rectangle in Fig. 2.3 
(except area d). 
Area: 
(a) Note the presence of abundant polysomes and 
mitochondria. 
CU: cuticle of the parasite (X 20,000). 
(b) The Golgi apparatus, RER and mitochondria 
in the vicinity of the muscle cell nucleus (MN) 
(X 20,000). 
(c) Numerous irregular, branching processes containing 
vesicles characterize the peripheral area of the 
muscle cell. Note the membrane-bound vesicles 
(small arrows) and the occasional presence of collagen 
fibrils (large arrows) (X 20,000). 
(d) The collagen fibrils (Co) and the processes of a 
fibroblast (F) in parallel arrangement in the periphery 
of the capsule (X 20,000). 
Thin sectioning and electron microscopic examination 
were done by Drs. H. D, Dellmann and P. KJaersgaard. 
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rich in myofilaments; these were arranged in parallel bundles which 
lacked the characteristic cross banding, and which were interspersed 
with small vesicles and dilated profiles of tubules containing moderately 
electron-dense material (Fig. 2.6a). An elaborate system of SER 
cisternae, comprising dilated and non-dilated portions (Fig. 2.6b) 
was associated with areas of high concentration of slender mitochondria 
(Fig. 2.5, 2.6c), often enclosing small Golgi complexes. Small profiles 
of RER were extremely scarce. Myofilaments occasionally were present 
within this region; however, these became more abundant in the cell 
periphery which also contained profiles of SER and vacuoles that often 
communicated with the intercellular space (Fig. 2.6d). Finger-like 
projections of the cell surface may be present. A basal lamina was 
present adjacent to the sarcolemma of the infected muscle cell, and 
collagen fibrils in parallel arrangement and fibroblasts filled the 
space between the infected and intact muscle cells (Fig. 2.6d). 
Fig. 2.5 T. pseudospiral is larva in the muscle cell 30 days 
after oral infection. 
L: larva 
CU: cuticle of the larva 
NM: non-infected muscle cell 
I: intercellular space with collagen fibrils 
The areas in the rectangle indicate corresponding areas 
shown enlarged in Fig. 2.6. 
Thin sectioning and electron microscopic examination were 
done by Drs. H. D. Dellmann and P. Kjaersqaard. 

Fig. 2.6 Portions of a T. pseudospiral is infected muscle cell 
corresponding to the rectangle in Fig. 2.5. 
Area: 
(a) Adjacent to the cuticle (CU) of the parasite, there 
are numerous vesicles. Note the bundles of partially 
degenerated myofilaments (X 16,000). 
(b) A region with abundant SER cisternae (X 24,000). 
(c) A region has mitochondria in association with Golgi 
complex (G) (X 24,000). 
(d) Periphery of the infected muscle cell containing SER 
and partially degenerated myofilaments. Note the 
smooth sarcole and the lack of vesicles containing 
irregular, branching fibrils (X 24,000). 
Thin sectioning and electron microscopic examination 




T. spiralis and T. pseudospiral is infections of murine skeletal 
muscles were investigated. The intramuscular administrations of NBL 
were sufficient to establish infections in mice by either species of 
parasites. The penetration of MBL into the muscle cells, the subsequent 
larval growth and the encapsulation of infected muscle cells (non-
encapsulation in the case of T. pseudospiral is infection) are thus 
independent of direct parental influence. After penetrations by NBL, 
the infected muscle cells undergo cellular changes and several morpho­
logical differences can be seen in the light microscope; (1) T. 
pseudospiral is does not appear to increase in size as rapidly as 
T. spiralis during the early phase of infections (1-30 days) and it 
remains smaller for up to one year. The difference in growth rates 
may place a greater nutritional stress upon cells infected with T. 
spiralis and it may also affect the intensity of basophilic staining 
in the cytoplasm due to RNA synthesis. (2) The T. spiralis larvae 
become tightly coiled within the muscle cells, while the T. pseudo-
spiral is larvae show little indication of coiling. The significance 
of coiling is not known except possibly to accomodate the formation of 
capsule around the infected cell. (3) The lack of encapsulation of 
X- pseudospiralis-infected muscle cells was found to last for the 
entire observation period of one year. This may explain why the T. 
pseudospi ralis-infected muscle fibers also remain elongated throughout 
the entire period. At the present, neither the mechanism of encapsulation 
for T. spiralis-infected cell, nor the reason for non-encapsulation of 
X- pseudospiralis is known. (4) An accumulation of adipose tissue cells 
around the T. spiralis-infected cells was observed after long term 
infection (Fig. 2.2). This was not observed in T. pseudospiralis-
infected muscle cells. The significance and the reason for the adipose 
tissue accumulation is not clear. 
Our ultrastructural findings in T. spiralis infected muscle cells 
confirm the results obtained by previous investigators (47,48,52-58). 
In response to the invasion by the NBL of T. spiralis, the muscle cells 
of mice undergo extensive reorganization involving complete loss of 
contractile filaments, an increase in the amount of SER, RER and 
mitochondria and the formation of a thick, bilayered capsule. The 
finding of vesicles in the periphery of the infected muscle cell con­
taining material similar to that present in the extracellular capsule 
matrix of the inner portion of the entire capsule lends further support 
to the notion that the inner layer of the capsule is derived from the 
infected muscle cell (52,53,55). The outer portion of the capsule, 
consisting of collagen fibrils in parallel arrangement, is more likely 
produced by the surrounding fibroblasts. 
The T. pseudospi rali s-i nfected muscle cells also undergo many 
cellular changes following invasion by the NBL. The degree of de-
specialization of the muscle cell in response to the infection is less 
pronounced in the T. pseudospi rali s-i nfected cells than in those infected 
by X* spiralis because the former still contain many partially 
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degenerated myofilaments. Whether these disappear in long-term infected 
animals remains to be investigated. Although abundant SER and increases 
in the number of mitochondria are seen, RER is rarely found in T. pseudo-
spiral is-infected muscle cells. This may be related to the lack of 
capsule formation. If true, then two questions can be posed: Is the 
inner capsular material seen in the T. spiralis-infected cells synthe­
sized by these RER? In addition, what will be the cellular response 
when a muscle cell is invaded simultaneously by a T. spiralis and a 
T. pseudospiral is NBL? 
If one argues that the capsule formation in %. spiralis-infected 
muscle cell is but a non-specific response to cellular damage or intrusion 
of any foreign substance, the absence of capsule formation in T. 
pseudospiral is infected cells is an exception and deserves further 
studies. 
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PART III. A STUDY OF THE MECHANISMS OF ENCAPSULATION INDUCED 
BY TRICHINELLA INFECTIONS 
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INTRODUCTION 
Tri chineHa pseudospiral is was isolated from skeletal muscles of 
a raccoon (Procyon lotor) in USSR by Garkavi in 1972 (19). A character­
istic difference between pseudospiral is and spiralis (Owen, 1835) 
Railliet, 1895 is that the former does not become encapsulated during 
the muscle phase of infection in mice and other experimental hosts (44). 
The chemical nature of the capsule of Trichinella-infected muscle 
cells has been identified as collagen (53,61,62). As to the source of 
the capsular collagen, some authors have indicated that it may be derived 
from host fibroblasts (61,63,64). Others have suggested, primarily 
from morphological observations, that the muscle cells are penetrated by 
the migrating larvae of T. spiralis and the subsequent changes in the 
infected muscle cells result in the capsule formation (50,55,56,57). 
My previous study in Part II indicates that the capsule is composed of 
two parts that surround the T. spiralis-infected muscle cells. The 
inner part of the capsule, composed of small-diameter, interdigitating 
fibrils, is most likely derived from the infected cells. The outer part 
of the capsule, composed of many parallel-arranged, large-diameter fibers, 
is probably synthesized by the nearby fibroblasts. 
If capsule formation is simply a non-specific response of the 
infected muscle cells to cellular damages or intrusion of any foreign 
substance, the absence of capsule formation in T, pseudospiral is 
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infected cells is then an exception. Although this phenomenon deserved 
an explanation, the answer is not known at the present time. 
The possible interaction between T. spiralis larvae and %. pseudo-
spiralis larvae in the muscle tissue has not been examined. Whether a 
previous exposure to one of the species affects the host's encapsulation 
responses to an infection by the other species is not known. The first 
part of this study used superimposed and concomitant infections with 
both parasites in the same host in order to delineate this influence 
of one species on the other. 
An inner layer of collagenous capsule was found in T. spiralis-
infected muscle cells, but was not found in T. pseudospiralis-infected 
cells. A comparison of RNA synthesis at the transcriptional level of 
the two may provide some clues as to why collagenous capsules are not 
formed in T. pseudospiralis-infected muscle cells. Four amino acids, 
i.e. glycine (39%), proline (14%), alanine (11%) and arginine (5%), 
constitute 70% of the amino acids in collagen. Because 83% of the bases 
used for all the possible codons of these 4 amino acids are either 
cytosine or guanine, the mRNA of collagen should be exceptionally rich 
in cytidine and guanosine. For this reason, in the second part of this 
study, ^^C-labeled cytidine and guanosine as RNA precusors, were 
injected intraperitoneally into either T. spiralis-infected or T. 
pseudospiralis-infected mice. Comparative tissue-autoradiography of 
sections of the diaphragm muscle were carried out to localize 
specifically the labeled RNA in the muscle tissues. Thus, the possible 
cell source for capsule formation can be evaluated. Also, from those 
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data, possible reasons for non-encapsulation in T. pseudospiral is 
infections will be proposed. 
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MATERIALS AND METHODS 
Host animals 
Both Swiss-Webster female mice (23-30 gm) and C57BL/6 male mice 
(25-28 gm) were used in the experiments. 
Parasites 
T. spiralis has been maintained in this laboratory in Sprague-
Dawley female rats and T. pseudospiral is in mice. Mature muscle larvae 
and NBL of both species were isolated by the same procedures described 
in the Materials and Methods in Part I. Isolated muscle larvae and NBL 
were used immediately after the isolation to ensure 100% viability of 
the worms. 
Superimposed infections of %. spiralis and T. pseudospiral is 
Infection with both species of Trichine!la were established in 
Swiss-Webster female mice. 
In the first set of experiments, 6 in each group'^ were gavaged 
with 100 T. spiralis or 100 T. pseudospiral is muscle-phase larvae. 
After one and half years, the animals were killed and their diaphragms 
were mounted in a pair of compression slides and examined in the 
trichinoscope. 
In the second set of experiments, mice, 15 in each group, were 
given a double infection of muscle-phase larvae by gavage. Each mouse 
88 
received 100 T. spiralis plus an additional dose of either 100, 200, 
300, 400, 500, 600, 800, or 1,000 T. pseudospiral is. During a period 
of one and half years, the infected animals from each group were killed 
at various intervals and examined for the presence of Trichinella 
encapsulation in the diaphragm muscles using the above mentioned method. 
In the third set of experiments, 4 groups of mice were used, each 
containing 5 mice. Primary infections with T. spiralis (200 muscle-
phase larvae/mouse, orally) were established in the first group, 
followed by a secondary infection 42 days later with T. pseudospiral is 
(500 muscle-phase larvae/mouse, orally). The reverse order was used 
in the second group; J_. pseudospiral is (200 muscle-phase larvae/mouse) 
was used for primary infection and T. spiralis (500 muscle-phase larvae/ 
mouse) for the secondary infection. The other two groups, subjected 
previously to 2 oral infections (at 42-day intervals) with 200 muscle-
phase larvae of one species, were administered orally a third infection 
with the other species (1,000 muscle-phase larvae) 42 days later. All 
animals in these groups were examined 42 days after the last infection 
for the presence of encapsulated and non-encapsulated Trichinella larvae 
in their diaphragms. 
In the fourth set of experiments, 5 mice first were infected 
orally with 200 %. pseudospiralis muscle-phase larvae and then by a 
second oral infection with 500 T. pseudospiralis 42 days later. Forty-
two days after the secondary infection, these mice were subjected to a 
third infection with 100 T. spiralis muscle-phase larvae and 1,000 
T. pseudospiralis muscle-phase larvae administered simutaneously via the 
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oral route. Mice were killed after 60 days for examination of 
Trichinella encapsulation, using a trichinoscope. 
In the fifth set of experiments, 10,000 NBL (in 0.1 ml PBS) of 
either %. spi ralis or T. pseudospiral is were injected intravenously 
(IV), intraperitoneally (IP) or intramuscularly (IM) into groups of 
3 mice. Forty-two days later skeletal muscles from various parts 
of the hosts were examined in the trichinoscope for the presence of 
encapsulated and non-encapsulated larvae. 
In the sixth set of experiment, 3 groups of 4 mice were intra­
venously given Trichinella NBL. In the first group, 5,000 T. spiralis 
NBL were used for each animal and in the second group, 50,000 T. 
pseudospiral is NBL for each animal. A mixture of 100,000 %. pseudo-
spiral is and 5,000 %. spiralis NBL were used for each animal in the 
third group. Thirty-six days later, the diaphragms were removed and 
examined in the trichinoscope. The numbers of encapsulated larvae were 
first scored for each diaphragm. Later, the diaphragm along with the 
entire carcasses were digested in pepsin-HCl solution to release worms 
for the total worm count. 
RNA synthesis and tissue autoradiography 
Four groups of inbred C57BL/6 male mice (2 in each group), orally 
infected with either %. spiralis or %. pseudospiral is for 21 days or 
1 year, were used in the experiment. Two non-infected mice were also 
included as controls. 
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A mixture of guanosine^ (1 (jCi/gm body weight, SA 17 Ci/mM) and 
cytidine^ (1 }iCi/gm body weight, SA 20 Ci/mM) in 1 ml of PBS was injected 
into the peritoneal cavity of each mouse. Eighteen hours later, mice 
were killed by cervical dislocation and individual diaphragms were 
collected and fixed in 10% phosphate buffered formalin for 8 hours. 
The fixed specimens were then washed in tap water for at least 12 
hours, embedded in paraffin, sectioned at 7 microns and mounted on glass 
slides. Before autoradiography, the samples on slides were de-par-
2 
affined and dipped in Kodak nuclear track emulsion (NIG-2) diluted with 
distilled water (v/v:22/17) at 37°C under total darkness. The emulsion-
coated slides were allowed to dry at 37°C with 90% relative humidity 
for 30 minutes and then at 29°C with 90% relative humidity for 2 hours 
2 before being sealed in slide boxes containing Drierite. The exposure 
was carried out at -70°C in total darkness for 4-6 weeks. At the end 
2 
of the exposure, the slides were developed in D-19 developer for 
2 minutes, rinsed in distilled water for 10 seconds, fixed in Kodak 
fixer^ for 6 minutes at 17°C, and further rinsed in distilled water 
for 30 minutes. After the final rinse, the slides were stained with 
3 0.1% toludine blue , dehydrated through alcohol series, cleared in 
4 4 
xylene , mounted in permount with cover slips and examined microscopically 
^ICN Chemical & Radioisotope Division, Irvine, CA. 
2 Eastman Kodak Co., Rochester, NY. 
3 Sigma Chemical Co., St. Louis, MO. 
^Fisher Scientific Corp., Fair Lawn, NJ. 
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for silver grain depositions. The density of the silver grains is 




Encapsulations in superimposed infections with T. spiralis and 
T. pseudospiral is 
In the first set of experiments, it was found that trtchinoscope 
examinations of the muscle tissue alone, in the unstained state, are 
sufficient to differentiate encapsulated from non-encapsulated Tri chine 11a 
larvae. The encapsulated T. spiralis larvae were seen tightly coiled 
in the muscle tissue and were surrounded by an oval zone, which was sep­
arated clearly from the surrounding area by a sharp-lined layer (Fig. 3.1). 
The entire oval region within the layer is viewed as the cyst and the 
outermost layers the capsule. The capsule of a T. spiralis infected 
muscle cell was a very rigid structure which could withstand vigorous 
tissue tearing without releasing the worm inside (Fig. 3.1b). On 
the contrary, T. pseudospiral is larvae were not as tightly coiled in 
the infected muscles (Fig. 3.1c). They were usually shaped like a letter 
"J". During trichinoscopic examination, the T. pseudospiral is larvae were 
easily released from the infected cells by gently pressing the sample 
between a pair of glass plates (Fig. 3.Id). After release, they were 
often seen moving freely along non-infected muscle fibers. The lack of 
a rigid capsule was observed even after one and half years of infection 
with T. pseudospiral is (Fig. 3.1c). The non-encapsulation makes detec-
tection of T. pseudospiral is larvae in the muscle relatively difficult. 
In the second set of experiments, with simultaneous administration 
Fig. 3.1 Trichinoscopic examination of the T. spiralis and 
X* pseudospiral is larvae in the muscles of mice after 
one and one-half years of infections. 
(a) Encapsulated T. spiralis larva in the muscles. 
Note there is a oval-shaped clear zone surrounding 
the parasite. The arrow ( ^ ) indicates the 
capsular layer which separates the infected cell from 
the surrounding non-infected cells. 
(b) The T. spiralis capsules after the surrounding 
muscle tissue was vigorously torn apart. Notice that 
the larvae are still retained within the capsules. 
(c) Non-encapsulated T. pseudospiral is larvae in the 
muscles. Notice the "J" shape larvae and the lack 
of capsules surrounding the larvae. 
(d) Many freely moving %. pseudospiral is muscle larvae 
released by gentle tearing of the infected muscle 
tissue. There is no indication of any rigid capsular 
structures surrounding the larvae. 




of both species orally, it was found that both encapsulated and non-
encapsulated larvae were present in the muscle tissue, often in close 
proximity to each other (Fig. 3.2). In adjacent infected muscle cells, 
one worm could be seen encapsulated while the others were not (Fig. 3.2b). 
The encapsulated larvae were believed to be T. spiralis larvae although 
their identity could not be verified. Encapsulation of larvae-infected 
muscle cells occurred even when increasing doses of T. pseudospiral is 
were administrated with a constant number of T. spiralis. 
In the third set of experiments, it was found that an ongoing 
infection by one species of the parasites did not influence the en­
capsulation or non-encapsulation of the second species. 
Furthermore, when groups of mice were inoculated twice with one 
of the species and later challenged with the other species, both en­
capsulated and non-encapsulated larvae were again found in the same 
animal. Similar results were found in the fourth set of experiments 
when a concomitant oral infection with 100 T. spiralis plus 1,000 %. 
pseudospiral is muscle larvae were administered to mice which previously 
had been infected twice with T. pseudospiralis muscle larvae. 
In the fifth set of experiments, it was observed that successful 
infections with both species could be achieved by administering NBL 
via either the IV, IP or IM routes. The finding of mature larvae in 
all parts of the skeletal muscles indicates that the NBL may migrate 
from one location in the host to other sites. 
In the sixth set of experiments, it was observed that T. pseudo­
spiralis NBL, even at a ratio as high as 20:1, had no effect in 
Fig. 3.2 Muscle tissue examination of a superimposed infection 
with both T. spiralis and %. pseudospiral is. 
(a) Trichinoscopic examination of an unstained muscle 
tissue. The large arrow { •  ) indicates an 
encapsulated larva and the small arrows ( ) 
indicate the non-encapsulated larvae. (X 200). 
(b) Histological examination of a Tri chrome-stained 
muscle tissue section. The large arrow ( -• ) 
indicates an encapsulated larva with a thick 
capsule (Ca) surrounding the infected cell. Two 
small arrows indicate the non-encapsulated larvae. 
Notice the closeness of the encapsulated cell and 
the non-encapsulated cells. (X 450). 
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preventing the encapsulation of T. spiralis larvae in the diaphragms 
of mice. When 5,000 T. spiralis NBL along with 100,000 T. pseudo-
spiral is NBL were given intravenously, the numbers of encapsulated 
larvae counted in the diaphragms were approximately the same as the 
control value (Table 3,1). 
RNA synthesis and tissue autoradiography 
Tissue autoradiography showed very low background incorporation of 
guanosine and cytidine into the RNA in normal muscle fibers of 
non-infected mice. On the contrary, muscle tissue obtained from mice 
infected orally with T. spiralis for 21 days showed the highest density 
of radio-labeled G,C-rich RNA in infected muscle cells (Fig. 3.3a). 
A high metabolic rate of RNA synthesis occurred within the region of the 
capsule. The distribution of radio-labeled RNA in the cytoplasm of 
the infected muscle cells was not uniform. Localized accumulations.of 
silver grains were found preferentially in those areas around the parasite 
proper and/or around the muscle cell nuclei. Nucleoli of those muscle 
cell nuclei also were often seen heavily labeled. These heavily labeled 
areas correspond with those basophilic areas found in the muscle cells 
infected with T. spiralis in the Part II of this dissertation. Very 
low concentration of nascent G,C-rich RNA were present outside the 
infected muscle cells and in the cytoplasm of the adjacent non-infected 
muscle cells (Fig. 3.4). 
There were only very low amounts of radio-labeled G,C-rich RNA 
found in the infected cells obtained from mice infected with T. pseudo-
spiral is for 21 days (Fig. 3.3b). Unlike the situation in T. spiralis-
Table 3.1. Concomitant infections (IV) of NBL obtained from %. spiralis and T. pseudospiral is 
No. NBL Total worms in diaphragm® Total worms in whole body® 
T. spiralis 
5.0x10^ 497+159 2788+641 
T. pseudospiral is 
1.0x10^ 679+118 6390+1189 
T. spiralis 
5.0x10^ and 1125+255 
T, pseudospiral is 11188+1310 
1.0x10^ (526+149)b 
®Means + standard deviations obtained from 4 animals. 
^Numbers indicated the encapsulated larvae in the entire diaphragm. 
Fig. 3.3 Tissue autoradiography of the histological sections 
obtained from the diaphragms of Trichinella-infected 
mice, where ^^C-labeled cytidine and gaunosine were 
injected intraperitoneally 18 hours earlier. 
(a) Tissue autoradiography of a diaphragm section 
obtained from a mouse infected with T. spiralis 
(21 days PI). 
(b) Tissue autoradiography of a diaphragm section 
obtained from a mouse infected with T. pseudospiral is 
(21 days PI). 
(c) Tissue autoradiography of a diaphragm section 
obtained from a mouse infected with T. spiralis 
(1 year PI). 
(d) Tissue autoradiography of a diaphragm section obtained 
from a mouse infected with T. pseudospiral is (1 year 
PI). 
CA = capsule. 
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infected muscle cells, the labeled RNA was evenly distributed within 
the T. pseudospiralis-infected muscle. Again only a small amount of 
nascent RNA was found in the area outside the infected zone (Fig. 
3.3b). 
In long-term (one year) infections of both species, the incorpora­
tion of guanosine and cytidine into the RNA in the cytoplasms of infected 
muscle cells was very low as compared to that of the short-term (21 days) 
T. spiralis infections (Fig. 3.3c,d). At this stage, capsular formation 
has long been completed in T. spiralis-infected muscle cells. 
In the short-term infection (21 days), there were more silver 
grains found in the T. spiralis-infected cells than in the T. pseudo­
spi ral is-infected cells. More grains were also found in the short-term 
T. spiralis-infected cells than in the long-term T. spiralis-infected 
cells. However, a quantitation of the RNA synthesis using grain counts 
was impossible because there were too many grains in aggregate form to 
be counted accurately, even under high magnification. 
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DISCUSSION 
In was observed that host fibroblasts were distributed sparsely 
in the vicinity of the infected muscle cells of both species at all 
stages in this study. Results obtained from T. pseudospiral is infected 
muscle cells indicate that even in the presence of host fibroblasts, 
there is no rigid capsule formed around the infected muscle cells 
after one and one-half years of infections (Fig. 3.1). This obser­
vation makes the host fibroblasts less likely to be the cell source 
responsible for formation of the rigid capsule surrounding the T. 
spiralis infected cells because it is hard to conceive that host 
fibroblasts, with close access to both T. spiralis and T. pseudospiral is 
infected cells in concomitant infections, would preferentially form a 
capsule around one infected cell but not another one nearby (Fig. 3.2). 
Currently, there is controversy concerning the possible cross-
mating between adult worms of the two species. Also, no information 
regarding the fecundity of female worms is available. Therefore, no 
quantitative measure of the interaction between the two species can be 
made from the first 4 sets of superimposed experiments where oral 
infections of muscle-phase larvae were used. However, this problem can 
be avoided when IV administration of known numbers of NBL of both species 
are used, as in the sixth set of experiments. From this sixth set of 
experiments, it is determined that the numbers of encapsulated larvae 
remained the same as that of the controls in spite of the concurrent 
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presence of greater numbers of T. pseudospiral is NBL (Table 3.1). 
One can conclude from this and all of the other experiments with 
superimposed and concomitant infections that the presence of %. pseudo-
spiral is larvae in the host does not suppress encapsulation of %. 
spiralis. The long-term (one and one half years) co-existence between 
an infected, encapsulated muscle cell and an adjacent infected, but 
non-encapsulated cell, clearly indicates each individual muscle fiber 
is intrinsically responsible for its own encapsulation. Unknown factors 
responsible for the encapsulation process, if they do exist, may not 
diffuse out of the cells and/or be effective in causing a normal or 
T. pseudospiralis-infected cell nearby to undergo similar encapsulation. 
In the autoradiography studies,^^C-cytidine and guanosine were 
administrated 21 days after the oral infection of T. spiralis, since the 
capsu le  fo rmat ion  i s  known to  be a t  i t s  peak dur ing  th is  t ime ( 5 7 ) .  
The results showed that the cytoplasm of the T. spiralis-infected muscle 
cells was heavily labeled, suggesting the presence of active synthesis 
of RNA in the infected muscle cell. Only localized distributions of 
radio-labeled RNA were found to be preferentially located near the 
regions around the parasite and the muscle nuclei. These areas corre­
spond to those areas where high densities of polyribosomes, RER, mito­
chondria and Golgi apparatus were present in the T. spiral is infected 
muscle cell observed in the electron microscopic studies in Part II 
of this dissertation. These findings strongly suggest that the infected 
cell is actively undergoing protein synthesis for secretory purposes. 
The observations of numerous cytoplasmic vesicles near these regions, 
containing electron-dense materials similar to those of the capsular 
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fibrils, again suggest that G,C-rich RNA synthesis may be related to 
the synthesis of collagenous fibrils. 
On the contrary, the cytoplasm of T. pseudospiral is infected muscle 
cells at the corresponding stages is only lightly labeled, which may 
represent only a basal level of RNA synthesis. The lack of specific G, 
C-rich RNA synthesis in T. pseudospiralis infected muscle cells, (Fig. 
3.5b) may be used to explain why collagenous capsules are missing in 
T. pseudospiralis infection, since mRNA of collagen should require high 
G,C uptakes. 
The fact that the cytoplasm of long-term (1 year) T. spiralis-infected 
muscle cells is also lightly labeled argues against the hypothesis that 
the G,C-rich RNA is a constitutive molecule produced by T. spiralis 
infected muscle cells regardless of stages. The disappearance of the 
labeled RNA is believed to coincide with the cessation of capsule formation 
in long-term T. spiralis infected muscle cells. The low incorporation of 
RNA precursors into the parasites of both species, plus the fact that 
muscle cell nuclei are heavily labeled also argue against the possibility 
that the parasite itself is providing the RNA information necessary for 
collagenous capsule formation. 
The possible mechanisms which prohibit the G,C-rich RNA synthesis 
in T. pseudospiral is infected muscle cells are not known at the present. 
It may be that there are regulatory molecules provided by the parasites 
that act at the pre-transcriptional level to inhibit the collagen mRNA 
synthesis, or there may be a mutational deficiency in the T, pseudospiraTis 
for the initiation of collagen gene expression in the host muscle nuclei. 
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Further experiments to isolate this G.C-rich RNA and its use subsequently 
in an in vitro transiational assay for collagen synthesis should determine 
whether this G,C-rich RNA is collagen mRNA. 
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SUMMARY AND CONCLUSIONS 
The progressive host responses to the invading larvae of Trichine!la 
spiralis and Trichinella pseudospiral is were monitored in the peritoneal 
cavity and skeletal muscles of mice. 
Activated peritoneal macrophages, obtained 15 days after oral in­
fections with T. spiralis, were found to secret a transiently appearing 
protein (TAP), which is not detectable in non-stimulated resident macro­
phages from normal mice. This protein has subsequently been purified in 
crystalline form by the use of a 3-step isolation procedure. This pro­
cedure involves the sequential use of a basic PAGE (pH 9.0), a broad-range 
(pH 3.5-10.0) PAG-IEF, and a narrow-range (pH 5-7) PAG-IEF. Chemical 
analysis of TAP revealed it is acidic in nature due to the high content 
of glutamic and aspartic acids. With 50% of its total amino acids being 
non-polar, this 50,000 dalton molecule tends to crystallize at its 
isoelectric point (pI-5.7) and in deionized water with different crystal­
loid shapes. High-titer (1.5x10"^), specific antibodies (IgG) to this 
protein were produced and used in serological and indirect immunofluores­
cence tests to demonstrate that peritoneal macrophages are solely 
responsible for the transient production of this protein. 
The biological function of TAP is not known. It is not a plasma 
protein, a constituent substance in the cytoplasms of resident white 
blood cells, a membrane-bound molecule, an elastase, or a plasminogen 
activator by the tests used in this study. However, TAP may have an 
immunoregulatory function. This is supported by the facts that: (1) 
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in vivo appearance of TAP always was associated with a rapid decline 
of the total cell numbers in the peritoneal cavity of infected mice; larid 
(2) the in vitro blastogenic response of lymphocytes to Concanavalin A 
was significantly reduced when autologous lymphocytes were placed 
in unfractionated PEF containing high concentrations of TAP. The 
availability to TAP in purified form will allow well-defined bioassays 
to be performed in order to delineate its in vivo function. 
X* spiralis and T. pseudospiral is infections of murine skeletal 
muscles were also investigated. Synchronous infection was used in 
histological studies and asynchronous infection for ultrastructural studies 
to compare the changes induced by these two species in the muscle cells. 
The penetration of muscle cells by either species induces marked 
morphological changes in the host cells. Those changes characteristic 
of both infections include: 1) an increase in the amount of endoplasmic 
reticulum, ribosomes, mitochondria and Golgi apparatus; 2) an increase in 
the size of muscle cell nuclei with enlarged nucleolus; and 3) loss of 
the structural integrity of the sarcolemma with subsequent degeneration 
and loss of myofilaments. In comparison with T. spiralis infected muscle 
fibers, cells infected with T. pseudospiral is show a slower rate of 
myofilament degeneration and lighter basophilic staining in the cyto­
plasms while the infected muscle fibers remain elongated and non-encap­
sulated throughout an observation period of one and one-half years. 
During the encapsulation process, the cytoplasm of T, spiral is-infected 
muscle cells possesses numerous RER and cytoplasmic vesicles containing 
electron-dense material similar to those of the capsular fibrils. These 
organelles only occasionally are seen in T, pseudospiralis-infected 
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muscle cells where only SER are predominant. Early development of 
X- pseudospiral is in the muscle cells is slower than that for 
spiralis. In addition after larval maturity has been reached, the 
larvae of T. pseudospiral is still remain smaller in size. Various 
combinations of superimposed and concomitant infections with both 
species indicate that the infected muscle cells are intrinsically 
responsible for capsule formation. Encapsulation is independent of host 
fibroblasts and the concurrent presence of other species of Trichinella. 
Tissue autoradiography studies, using ^^C-guanosine and cytidine, 
have demonstrated that 1. spiralis infected cells incorporate high 
content of guanosine and cytidine into the cytoplasm of the infected 
muscle cells at the time of encapsulation (21 days PI), whereas T. 
pseudospiral is infected muscle cells at the corresponding postinfection 
interval and cells infected with T. spiral is for one year are only 
lightly labeled. 
These findings plus other morphological evidence suggest that 
G,C-rich RNA synthesis may be important to the process of encapsulation. 
The reason of low incorporation of G,C-rich RNA during J_. pseudospiral is 
infection and the possibility of its relation to the failure of encap­
sulation require further investigation. 
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Thus says the Lord, "Let not a wise man boast of his wisdom, 
and let not the mighty man boast of his might, let not a rich man 
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APPENDIX 
Fig. A.1.1a Changes in total PEC counts as a function of tin« for mice given primary (1°) 
infections of %. spiralis. The arrow ( ) indicates the time of oral 
infection; (6 0) indicates T. spiralis infected animals; (# #) indicates 
non-infected animals; points with asterisks (*) indicate that a significant 
difference (p<0.01) was observed between infected and non-infected groups. 
For peritoneal lavage, 3 ml of PBS were used and 2 ml of PEF were recovered 
for the total cell count. 
Fig. A.1.1b Basic-PAGE analysis of PEF collected from a normal mouse (N) and from mice given 
a single oral infection of T. spiralis. The arrow ( ) denotes the position 
where a new band (TAP) is detected only in the PEF of mice on day 15 PI. 
The numbers indicate the day PEF was collected PI. 
CELL NUMBERS ( x 10?) 
611 
Fig. A. 1.2a Basic-PAGE analysis of 
(1) Medium 199. 
(2) PECCS collected from PEC cultured in medium 199 for 1 day. The PEC were 
obtained from a mouse 15 days after primary infection. 
(3) PEF collected from the same mouse whose PECCS was used in (2). 
(4) Blood plasma collected from the same mouse whose PECCS was used in (2). 
( ) indicates the position of the transient band (TAP) in the gels. 
Fig. A.1.2b Basic-PAGE analysis of blood plasma (PL), PEF and PECCS from a mouse infected 
15 days earlier with %. spiralis. PEC were cultured for 5 consecutive days with 
daily change of medium 199 and PECCS was collected each day. Numbers indicate 
the day of in vitro culture. The arrow ( ^ ) indicates the transient band (TAP). 
PECCS (DAY) 
0 
Fig. A.1.3 Relative incorporation of ( H)-thymidine in normal and 
T. spiralis infected MLN cell cultures in the presence 
of various dilutions of autologous PEF. Zero percent 
q 
represents the base line incorporation of ( H)-thymidine 
by MLN cells stimulated with Con A in the absence of 
any autologous PEF. 
(•-— • )  = normal mice 
(»--«) = mice infected with %. spi ral is for 9 days. 
—A ) = mice infected with T. spiral is for 12 days. 
= mice infected with T. spi ral is for 15 days. 
(L>— —LI) = mice infected with T. spiral is for 18 days. 
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